Effect of Geometries on the Natural Frequencies of Pratt Truss Bridges  by Widjajakusuma, Jack & Wijaya, Helen
 Procedia Engineering  125 ( 2015 )  1149 – 1155 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5)
doi: 10.1016/j.proeng.2015.11.144 
ScienceDirect
The 5th International Conference of Euro Asia Civil Engineering Forum (EACEF-5) 
Effect of geometries on the natural frequencies of  
Pratt truss bridges 
Jack Widjajakusumaa,*, Helen Wijayab 
aCivil Engineering Department, University of Pelita Harapan, UPH Tower, Lippo Karawaci, Tangerang 15811, Indonesia 
bP.T. Total Bangun Persada, Jl. Letjen. S. Parman Kav. 106, Jakarta 11440, Indonesia Civil Engineering Department,  
Abstract 
Pratt type truss bridges are in human history since 1844 through the early twentieth century and until today. The bridges are built 
all over the world and the materials were developed from wood and iron to iron and eventually to steel. In this paper, the natural 
frequencies and mode shapes of Pratt type truss bridges are determined. The changes of these natural frequencies with respect to 
parametric changes, such as spans and the kind of support connections, in the bridge are analyzed. These vibrational parameters 
can be used to detect the damage of the truss bridges and they are also fundamental to the solution of its dynamic responses due 
to seismic, wind and traffic loads. This paper gives the numerical values of natural frequencies as assessment values of a bridge’s 
state of health. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of organizing committee of The 5th International Conference of Euro Asia Civil Engineering 
Forum (EACEF-5). 
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1. Introduction 
Bridges provide a fundamental mean in enabling the transportation of goods and people. The collapse of bridges 
can result in huge losses of lives and material. Therefore, bridges must be designed to withstand substantially in 
consideration of the safety factors, to withstand the static and dynamic loads. Loads can be caused by human 
activities, vehicles and natural phenomena such as wind, waves, and earthquakes. These loads simulate the bridges 
to respond by deforming and vibrating during their operations.  
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With the increased time and continuous usages, the performances of the bridges will be degraded. The 
degradation processes may occur due to corrosion, fatigue, erosion, wear, overloads, and loose connections. This 
degradation is defined as the damage. Therefore, we have to periodically assess bridges’ state of health. Structural 
Health Monitoring (SHM) of bridges is the implementation of a damage detection strategy to the bridges [1-4]. SHM 
can warn the damages of bridges earlier. Thus, one can take repair action in order to prevent catastrophic failures. 
SHM can be done using destructive testing or Non Destructive Testing (NDT). The advantage of the NDT is that 
NDT can identify the damages such as defects, corrosion, and cracks without destructing the structures. Examples of 
the NDT are vibration measurement test, visual test, radiography, ultrasonic test and liquid penetrant test [5]. 
The advantage of the vibration based tests, compared to other NDT methods, is that the vibration based tests are 
global methods [6-8]. It means that they can identify damages without any direct accessibilities of and the 
knowledge of the positions of the damage regions. Due to the damages, the vibration characteristics were changed. 
These changes can be captured by modal parameters such as natural frequencies and damping. Thus, the natural 
frequency of the structure is a parameter that can determine the health condition of the structure [6-10]. In addition, 
the knowledge of the natural frequency can also prevent the occurrence of a failure in the structure due to the 
resonance. At the resonance state, the structure response will be continuously amplified as there are infinite loads 
acting on the structure. At this state the natural frequency is equal the frequency of driving force or load. In context 
to the bridges, resonance phenomenon is possible to occur at the railway bridges when the trains pass the railway 
bridges 
Majority of the existing steel truss bridges in many countries are very old and many of them are Pratt truss 
bridges [11,12]. In some countries including Indonesia, more than half of these existing bridges are structurally 
deficient or functionally unsafe [13,14]. Thus, in order to fulfill the present and future loading and traffic 
requirements, there is a critical necessity to repair these bridges and to regularly monitor them. In order to monitor 
the structural health of the Pratt type bridges using vibration based methods, one needs the natural frequencies of 
those bridges. These natural frequencies depend on the geometries and the art of the support connections [10,15].  
This paper intends to study the effect of geometries and the support conditions on the natural frequencies of Pratt 
type bridges, with particular emphasis placed on the natural frequencies of the damaged bridges. The damaged 
bridge is defined as a bridge which does not meet requirement of Indonesia bridge standards RSNI T-02-2005 [16] 
and RSNI T-03-2005 [17]. The study begins with the static analysis, which gives the deflection and working stress. 
The deflection and working stress of bridges must meet the RSNI T-02-2005 and RSNI T-03-2005 standards, if the 
bridge is in good condition. The dynamic analysis is carried out to find the vibration amplitudes and natural 
frequencies. Then, we can link the obtained natural frequencies.  
This paper is ordered as follows. Section 2 discusses briefly the basic concept of vibration and its formulation in 
finite element. Section 3 contents of some numerical case studies. Section 4 concludes the paper.  
2. Governing equations 
For the displacement ݑ, the governing equation for vibration of a truss is given by 
 
డ
మ௨
డ௫మ ൌ
ଵ
௖మ 
డమ௨
డ௧మ . (1) 
 
The velocity of propagation of the displacement, ܿ, is defined by 
 
 ൌ ටாఘ, (2) 
 
where ߩ is the density of the truss and ܧ is the modulus elasticity.  
The solution of Eq. (1) is 
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where ߱ ൌ ට௞௠.  (for details of truss vibration see [18]) 
Eq. (1) can be reformulated as 
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Then, the weak formulation for (4) is 
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where ݓ is the test function. 
 
By using Galerkin’s method and linear shape function [19, 20] for a truss element with length ݈, one can obtain 
the element stiffness matrix ୣ 
 
ሾୣሿ ൌ ா஺௟ ቂ
ͳ െͳ
െͳ ͳ ቃ.,  (6) 
 
and the element mass matrix ୣ 
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ͳ ʹቃ.  (7) 
For the generalized two dimensional truss element, the generalized element stiffness matrix ܭഥ௘ can be obtained 
from (6) through linear transformation 
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The corresponding generalized element mass matrix ܯഥ௘ is given by 
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3. Static and dynamic analysis 
To study the effect of geometries and support connections to the natural frequencies, we investigate three numerical 
cases. The Pratt truss considered here are the most commonly used type in truss bridges. In order to demonstrate the 
vibration based method for detecting damages, which is discussed here, we use 4 different models for each case. 
From these models, we can conclude the limit of natural frequencies of the structural damaged bridges. We model 
the deficiency bridge by reducing the stiffness ܭഥ௘of the truss member. In this paper, we reduce the stiffness by 
reducing the value of the modulus elasticity ܧ to the half (cf. Eq. 8). We define a structural damaged bridge as a 
bridge does not meet the requirement of the Indonesian standard codes RSNI T-02-2005 and RSNI T-03-2005. This 
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means that the maximum deflection of a bridge, ߜ, must be more than ߜ ൐ ୠ୰୧ୢ୥ୣ୪ୣ୬୥୲୦଼଴଴  or the ultimate stress, ௨ܲ, 
must fulfil the condition ௨ܲ ൐ ׎ ௡ܲǤ  Here ׎ is the strength reduction factor and ௡ܲ is the nominal strength. We use 
steel BJ 34 for truss members with profile MH-390, the modulus elasticity ܧ ൌ ͲǤʹ ή ͳͲ଺, mass density ߩ ൌ
͹ͺͷͲȀଷ , and yield stress ௬݂ ൌ ʹͳͲ. We use truss members with the reduced elasticity modulus ܧ ൌ
ͲǤͳ ή ͳͲ଺ to simulate the damaged truss members. The following models are chosen based on influence lines 
analysis: 
 
1. Model 1: all truss members are in good condition 
2. Model 2: truss member with the smallest influence are assumed to be deficient (reduced stiffness) 
3. Model 3: truss member with the largest influence are assumed to be deficient. 
4. Model 4: all truss member of the bridge are assumed to be deficient. 
3.1. One-span statistically determined Pratt truss 
The first case is the Pratt truss, which is simply supported as shown in Fig. 1. The truss is statically determinate 
which is having eight panels each of panel 5.0 m and height 6.37 m. For the static analysis, the bridge is modelled to 
be loaded by a semitrailer truck. According to RSNI T-02-2005, a load of 5 tons is acting at each joints 1, 4, 7, and a 
load of 22.5 tons is acting at each joints 3, 5, 6, 8 and 9 along the bottom chord (cf. Fig. 1).). For the dynamic 
analysis, the impulse excitation of 50 ton is given on joint 5 (cf. Fig. 2).  
For this case, the following model are chosen: 
1. Model 1: all truss members have ܧ ൌ ͲǤʹ ή ͳͲ଺. 
2. Model 2: all members have ܧ ൌ ͲǤʹ ή ͳͲ଺., except number 14 and 18 have ܧ ൌ ͲǤͳ ή ͳͲ଺. 
3. Model 3 all members have ܧ ൌ ͲǤʹ ή ͳͲ଺., except number 26 have ܧ ൌ ͲǤͳ ή ͳͲ଺. 
4. Model 4: all truss members of the bridge have ܧ ൌ ͲǤͳ ή ͳͲ଺. 
 
 
Fig. 1. Joint loads on statistically determined Pratt truss 
 
 
 
 
Fig. 2. Impulse excitation 
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Table 1. Results of one-span statistically determined Pratt truss 
  
Static Dynamic mode 1 mode 5 
Model 
௉ೠ
׎௉೙
 ߜ 
(mm) 
ߜ (mm) ω (rad/s) ω (rad/s) 
1 0.803 28.322 21.45 16.342 100.990 
2 0.803 28.589 22.18 16.285 100.386 
3 1.011 31.445 24.00 15.720 99.615 
4 1.041 56.645 39.46 11.555 71.411 
 
According to the RSNI T-02-2005 the maximum deflection of the bridge with a span of 40 meters is 50 mm. We see 
from Table 1 that only the deflection of model 4 does not meet this requirement. Meanwhile, according to the RSNI 
T-03-2005, ௨ܲ ൑ ׎ ௡ܲ for the undamaged, we see that models 3 and 4 do not meet this requirement. We can conclude 
that in this case if the natural frequency below 16 rad/s (mode 1) or below 100 rad/s (mode 5), the bridge is damaged 
and is not safe to be used. Thus, we have to immediately repair the bridge in this case. 
3.2. One-span statistically indetermined Pratt truss 
The second case is the Pratt truss, which is supported as pin support at both ends (cf. Fig. 3). In the practice, this 
case happens if the roller support of the first case is prevented to vertically move due to the damaged of the bearing 
pads. The geometry and joint loads on statistically indetermined Pratt truss is the same as the first case (cf. Fig. 3 
and Fig. 2). 
 
 
Fig. 3. Statistically indetermined Pratt truss 
Table 2. Results of  one-span statistically indetermined Pratt truss 
Static Dynamic mode 1 mode 5 
Model 
௉ೠ
׎௉೙
 ߜ 
(mm) 
ߜ  
(mm) 
ω 
(rad/s) 
ω  
(rad/s) 
1 0.803 21.353 17.540 19.565 113.330 
2 0.803 21.620 18.250 19.453 113.162 
3 1.011 24.476 20.660 18.396 111.660 
4 1.245 42.706 31.970 13.834 80.136 
 
According to the RSNI T-02-2005 the maximum deflection of the bridge with a span of 40 meters is 50 mm. We 
see from Table 1 that all of the models meet this requirement. Meanwhile, according to the RSNI T-03-2005, ௨ܲ ൑
׎ ௡ܲ for the undamaged bridge, we see that models 3 and 4 do not meet this requirement. We can conclude that in 
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this case if the natural frequency below 18,5 rad/s (mode 1) or below 112 rad/s (mode 5), the bridge is damaged and 
is not safe to be used. Thus, we have to immediately repair the bridge in this case.  
It is interesting to note that if the bearing pad has some problem, the natural frequencies increase. Then, we have 
to repair the bearing pad else the bridge will collapse even the natural frequency for mode 1 is above 18 (cf. case 1). 
 
3.3. Double-span Pratt truss 
The third case is the double-span Pratt truss, which is supported as shown in Fig. 4. The truss is having sixteen 
panels each of span 5.0 m and height 6.37 m. The material properties of each member is the same as given in the 
case 1. For the static analysis, the bridge is modelled to be loaded by a semitrailer truck. According to RSNI T-02-
2005, a load of 5 tons is acting at each joints 1, 4, 7, 9, 12, 15 and a load of 22.5 tons is acting at each joints 2, 3, 5, 
6, 8, 9, 10, 11, 13, 14, 16, dan 17 along the bottom chord (cf. Fig. 4). Thus, the load at joint 9 is 27.5 tons. For the 
dynamic analysis, the impulse excitation of 50 ton is given on joint 5 (cf. Fig. 2).  
 
For this case, the following models are chosen: 
1. Model 1: all truss members have ܧ ൌ ͲǤʹ ή ͳͲ଺. 
2. Model 2: all members have ܧ ൌ ͲǤʹ ή ͳͲ଺., except number 24, 30, 32, 34, 40 and 46 have ܧ ൌ ͲǤͳ ή
ͳͲ଺. 
3. Model 3 all members have ܧ ൌ ͲǤʹ ή ͳͲ଺., except number 50 have ܧ ൌ ͲǤͳ ή ͳͲ଺. 
4. Model 4: all truss members of the bridge have ܧ ൌ ͲǤͳ ή ͳͲ଺. 
 
Table 3 gives the results that even the maximum deflection does not exceed the allowable deflection due to RSNI T-
02-2005. However, the bridge of model 4 is damaged, because the ௨ܲ ൐ ׎ ௡ܲ. We can conclude that in this case if the 
natural frequency below 12 rad/s (mode 1) or below 40 rad/s (mode 5), the bridge is damaged and is unsafe to be 
used. If we compare to the case 1, we see that the natural frequency of the double span bridge decreases by 50.28 
rad / s or around 50 %.  
 
 
 
Fig. 4. Double-span Pratt truss 
Table 3. Results of  double-spans Pratt truss 
Static Dynamic mode 1 mode 5 
Model 
௉ೠ
׎௉೙
 ߜ 
(mm) 
ߜ (mm) ω 
(rad/s) 
ω (rad/s) 
1 0.929 17.822 16.21 15.383 50.707 
2 0.929 17.822 16.5 15.381 50.602 
3 0.934 19.302 17.96 15.292 50.704 
4 1.204 35.644 33.13 10.878 35.855 
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4. Conclusions 
The following are the major conclusions drawn from the present numerical investigations: 
1.  The natural frequency decreases with increasing the number of spans. 
2.  It is better to use the higher mode to apply vibration based test, since it is easier to detect the bound of the natural 
frequency of damaged cases.   
3.  Due to the damaged of the bearing pads, the natural frequencies increase. Therefore, one has to be aware of these 
phenomena in applying SHM. 
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